Abstract-The end-to-end QoS negotiation for SLA establishment for composite services involves compound multiparty negotiations in which the composite service provider concurrently negotiates with multiple candidates for each atomic service, selecting the ones that best satisfy the atomic service QoS preferences while ensuring that end-to-end QoS requirements are also fulfilled. In order to negotiate with potential candidates, it is necessary to derive the atomic utility boundaries from the global utility boundary. Additionally, there needs to be a mechanism to update these boundaries in subsequent negotiation rounds based upon the individual negotiation outcomes. In this paper, we propose an algorithm that addresses both these requirements and evaluate it using an example scenario for composite service provisioning.
I. INTRODUCTION
The mechanism chosen for establishment of the Service Level Agreements (SLA) in the Composite Service Provisioning model [1] [2] can vary from simple design-time/runtime service selection to more dynamic automated negotiations. The main advantage of automated negotiation [3] [4] [5] over service selection is its ability to cope with on-the-fly adjustments of QoS requirements and offerings. It provides the flexibility to dynamically negotiate best agreements with atomic service providers, thereby circumventing the problem of searching for best combinations of atomic services within a complex workflow, which is proven to be NP-hard [6] . Since the complexity of SLA establishment increases with the number of atomic services, and the complexity of the workflow pattern, the individual atomic negotiations need to be efficiently coordinated so that the end-to-end QoS constraints are propagated to each atomic service negotiation and then updated throughout the entire negotiation process.
In composite service provisioning, the service consumers generally provide preferences for the composite service only (i.e. overall utility function), and do not explicitly specify the preferences for each atomic service. However, in order to satisfy the end-to-end QoS requirements, concurrent negotiations have to be held with multiple service providers for each atomic service. The first challenge of the Composite Service Provider (CSP) for facilitating atomic negotiations is the decomposition of the end-to-end QoS preferences into individual atomic service preferences. Once this is done, the negotiations with service providers for all atomic services can begin concurrently. However, the time taken to reach agreements is usually different for different atomic services depending upon the negotiation deadlines, strategies and behaviours of the different providers. Thus the second challenge is the coordinated and iterative update of the individual utility boundaries and preferences for the remaining negotiations each time an atomic agreement is reached.
In this paper, we present an algorithm for the global utility decomposition and subsequent surplus redistributions which takes into account the relative importance of each atomic service, the appropriate aggregation function for each QoS attribute, and the control flow pattern of the composite service. In the next sections we discuss the QoS Aggregation and the underlying negotiation mechanism. Section IV presents the utility decomposition and surplus redistribution. Details of our algorithm are provided in Section V, initial evaluation results are presented in Section VI and Section VII concludes the paper.
II. QOS AGGREGATION
For a given composite service, we can consider each structured activity in itself as a composite service, contributing to the composite at the next level. Let us consider the simple example of a composite service consisting of five atomic services as shown in Figure 1 (a). It can be represented as a directed tree as shown in Figure 1(b) where the internal nodes represent structured activities and the leaf nodes represent atomic services. Each sub-tree serves as an aggregation point at which the QoS attributes of all the child nodes are aggregated according to the appropriate aggregation function. The aggregation function that is used to aggregate the atomic QoS values at the aggregation point depends upon the type of structured activity and the type of the QoS attribute. We currently define three simple aggregation functions namely SumType, MaxType and MinType and use the Sequence and Flow patterns only. SumType aggregates n terms into one term by taking the summation of all terms e.g. cost, MaxType aggregates n terms into one term by picking up the maximum of these terms e.g latency, and MinType aggregates n terms into one term by picking up the minimum of these terms e.g. bandwidth.
III. ATOMIC SERVICE NEGOTIATION
The atomic negotiation mechanism is based on the alternating offers bargaining protocol [7] where two parties a and b propose offers and counteroffers alternately over issues such as price or throughput until one agent accepts an offer or withdraws from the encounter. Each party has a negotiation interval [min a , max a ] for the issue under negotiation defined by its initial and reservation value. If negotiation intervals of both parties overlap, then agreements over the issue are possible. Each negotiating party has a utility function U aj : [min aj , max aj ] → [0, 1] associated with each issue j which assigns a degree of satisfaction to the current value of the issue. The additive utility function for all issues is denoted as U a (x) = 1≤j≤p w aj ·U aj (x) where the weight w a represents the relative importance of issue j to agent a with j w aj = 1. The agents typically use different decision models to propose offers and counteroffers. For further details on negotiation tactics and decision functions, we refer to Faratin et al [7] . 
REDISTRIBUTION
We now describe our utility decomposition model for the specification of negotiation boundaries for each atomic service from the global utility and for the surplus redistribution. Suppose, the composite service is composed of several atomic services where s ij is the value of QoS attribute j for service i with i = 1, . . . , n. With S ij being the domain of QoS attribute j such that s ij ∈ S ij , the space of the end-toend QoS attribute s j for the composite service is given by
The global utility function U j then represents the preference over the end-to-end QoS attribute j in the composite service and maps space S j to values between 0 and 1 while taking into account the structure of the composite service with the aggregation operator function f op,j (s 1j , s 2j , . . . , s nj ) which corresponds to the operator types applied to the parallel and sequential patterns within the composition for a QoS parameter. The global utility function thus is given by U j (f op,j (s 1j , s 2j , . . . , s nj )). The parallel and sequential operator types denoted by op par,j and op seq,j , respectively, correspond to the aggregation function introduced in Section II. For example, in the case of the QoS parameter response time, MaxType is the operator for flow activities and SumType for sequences. The aggregation operator function for a QoS parameter of the composite service shown in Figure 1 can be written as:
The aggregation operator function hence consists of nested parallel and sequential operators representing the structure of the composite service, starting from the innermost atomic service or service sequence. Each operator can be considered as representing a composite service which in turn contributes to the next higher level in the end-to-end composition. Before atomic negotiations can be conducted with the candidate providers, it is necessary to decompose the global utility into individual service utilities which are then used to define the atomic negotiation strategy. As proposed in [8] , we focus only on the boundaries of the global utility function such that the boundaries of the QoS attribute for each atomic negotiation are derived based on the upper and lower bounds of the global utility function. During the end-to-end QoS negotiation for composite services, the negotiations with service providers for all atomic services occur concurrently. In order to maximize the chances of reaching an overall agreement for the composite service it is necessary to redistribute the surplus (the difference between a successful negotiation outcome and the reservation value) from successful negotiations among the remaining negotiations. To enable the QoS decomposition an initial distribution over the atomic services is required which can be used in conjunction with the aggregation operator function to derive the individual boundaries for each atomic service. This distribution represents the share or relative importance of each atomic service in terms of a QoS parameter in the composite service and can be expressed in the form of a weight function ω j : S i,j → [0, 1] taking into account the structure of the composite service using the operators above such that ω j = op j (w 1j , . . . , w ij , . . . , w nj ) = 1. This weight distribution may be derived from domain knowledge, outcomes of past negotiations or the advertised prices of service providers. In the case of no apriori information, first offers from service providers can be used.
V. ALGORITHM
The tree form of the composite service in Figure 1 enables a weighted tree approach to decompose the global (end-to-end) utility boundary and redistribute the utility surplus of a successful atomic service negotiation to other concurrent atomic service agents still in negotiation. Formally, the tree T representing the compound service consists of a set of nodes V and edges E = V × V where internal nodes v l ∈ V inner with l = 1, . . . , m correspond to the structural elements of the composition holding the respective operator type op type and leaf nodes v i ∈ V leaf correspond to atomic services s i with i = 1, . . . , n holding the current final acceptance value for s i . Since each sub-tree T v l represents a composite service by itself providing a service to a higher level of the composition, all inner nodes v l hold the end-toend QoS value of the respective subtree. The operator type (e.g. op seq ) of an inner node v l is given by type(v l ). An edge e ∈ E connects a parent node v p ∈ V inner with a child node v c ∈ V \v r with v r being the root node such that an edge is uniquely defined with e vc = {v p , v c }. We denote the set of child nodes with C(v l ) and the parent node of a child node with v p = P (v c ). Each edge holds a weight w(e vc ) which represents the relational proportion to all other nodes with respect to the end-to-end QoS attribute, and is given by a weight function w :
The tree is now utilized in three ways: (1) Based on the global utility boundary and initial values for the atomic services (e.g. derived from domain knowledge) the inner nodes representing the subcompositions (sub-trees) are assigned the corresponding QoS values based on the successively generated weights of the edges in the sub-trees (INITIALIZENODE), ( 2) The final acceptance values for each atomic service agent are derived based on the global end-to-end QoS constraint, i.e. the global utility boundaries (UPDATELEAVES), and (3) The redistribution of utility surpluses to concurrent negotiations in progress after an atomic service agent reached an agreement (REDISTRIBUTE). Figure 2 and 3 present the main algorithm and the procedures to fulfil these phases. if si reached agreement then 
if VC == ∅ then and each atomic service agent negotiates with one service provider about a particular QoS parameter. The initial distribution was assumed to be given, e.g. from domain knowledge. We used static mixed tactics from [7] with one time-dependant and one imitative tit-for-tat (tft) tactic. The settings of the individual tactics and the mixing weights are shown in Table I (a). The set of possible strategies is then represented by ST = {EC, EL, EB, P C, P L, P B} where initial letters represent the time-dependent function and the respective β-values. For example, EC stands for a strategy where a time-dependent behaviour (with large concessions in the beginning) is mixed with absolute tit-for-tat using random weights. In our experiment, each provider agent 'p' applies a randomly selected mixed strategy from the set ST whereas all atomic service agents 'c' apply the same mixed strategy group from ST during one composite negotiation cycle. , and overlaps (φ) as well as deadlines are chosen randomly for each atomic service negotiation. We ran 1000 composite negotiations for each strategy group resulting in a total number of 30000 atomic service negotiations. The performance is measured using a linear global utility function (U ) and the overall agreement rate (A in %) for the composite service throughout the experiment. If one atomic service agent fails a negotiation no agreement is reached for the composite service. The results in Figure 4 show that the agreement rate and the global utility for the composite service significantly increases when the surplus distribution algorithm is used. Note that reaching agreements on the atomic service level becomes more important with a larger number of atomic services in the composition, since negotiations which already reached agreements might no longer be valid if a concurrent service negotiation fails and could hence incur costs for already obtained agreements. Thus, the investigation of negotiation costs is considered as future work.
VII. CONCLUSION In this paper, we have described a new algorithm for the end-to-end QoS establishment for composite services through global utility dcomposition into atomic-service utilities and the surplus redistribution from successful atomic negotiations among the remaining negotiations. We have proposed a weighted distribution approach which takes into account the relative importance of each atomic service, the workflow pattern and the appropriate QoS aggregation operator function. Experimental results show that our approach obtains higher utilities and agreement rates.
